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ABSTRACT 

Ongoing technological progress in measurement systems triggered the development of an in¬ 
novative, hands-on teaching program to help students toward a fuller understanding of recent 
changes in the field. This paper presents a lab project that links theoretical principles with the 
practical issues of signal conditioning systems. This is accomplished in the context of a Master’s 
Degree in Mechatronic Engineering, though the experience gained could be applied to other cur¬ 
ricula. Students designed and tested a signal conditioning circuit in order to acquire and monitor 
the electrical activity generated by the heart. This lab project contains most of the circuits studied 
in lectures and presents a general methodology for the design of signal conditioning systems. Five 
years of lab project work was compiled, and with the help of students’ feedback, we were able to 
evaluate both the improvement in their knowledge and in their motivation 
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INTRODUCTION 

Mechatronics is defined as “the interdisciplinary field of engineering dealing with the design of 
products whose function relies on the integration of mechanical and electronic components coor- 
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dinated by a control architecture” [1]. Hands-on engineering experiments are needed in order to 
provide mechatronic students with the technical and research skills they will need as professional 
engineers. In a modern mechatronic measurement system, information is extracted from the en¬ 
vironment using an appropriate sensor or sensors and the signals are then amplified to a suitable 
level so that they may be digitized and read by a data acquisition system. 

In order to teach aspects of signal conditioning to mechatronic students, any experiment would 
require at least a single sensor whose output must be conditioning, data acquisition (DAQ) hardware 
and a computer to store and monitor the signal, as shown in Fig. 1. 

The sensor converts a physical phenomenon into a measurable electrical signal. If the signal from 
the sensor is not suitable for the DAQ hardware it may be necessary to use a signal conditioning. In 
many cases the signal must be amplified and filtered. Also, isolation and linearization may be neces¬ 
sary. DAQ hardware is what usually interfaces between the analog conditioned signal and a PC. It 
could be in the form of modules that can be connected to the computer’s ports or cards connected to 
slots in the motherboard. DAQ software is needed in order for the DAQ hardware to work with a PC. 

The design of a signal conditioning circuit for the measurement of analog quantities typically poses 
difficult engineering challenges. Even a simple signal chain with a resistive sensor and an analog-to-digital 
converter (ADC) involves multiple issues that must be resolved before a valid measurement can be made. 

To resolve these challenges the traditional learning model based only on lectures needs to be 
updated to incorporate real-world projects to facilitate students’ critical thinking and problem solving 
skills while accomplishing the course objectives. Students need to get involved and take responsibil¬ 
ity for their learning experience; and the instructor becomes a guide. The purpose of implementing 
this learning from a lab project (LP) is to motivate students to integrate and utilize knowledge rather 
than to re-involve students into the learning process after an extended period of inactive listening. 

This paper is organized as follows. The next Section provides background on the educational 
literature, relevant literature on learning from lab projects and from lectures with integrated lab 
projects. The third Section provides a description of the course. The fourth Section is an overview 
of the lab project. The assessment of the course is included in the fifth Section. The student survey 
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together with the instructors' observations are presented in the following Section. Finally, conclu¬ 
sions are offered in the last Section. 


BACKGROUND CONSIDERATIONS 


The ability to conduct and design experiments is rated as one of the most desirable technical 
skills for engineering and engineering technology graduates [2], [3]. The National Science Founda¬ 
tion has reported that engineering education should include “integrative laboratory experiences 
that promote inquiry, relevance, and hands-on experience” [4]. 

In the context of higher education, integrative learning is not a new concept, as it has been ad¬ 
vocated by educators for some time [5]. As reviewed by Huber and Hutchings [6], the core aim of 
integrative learning is for students to make connections across disciplinary boundaries and apply 
what they have learned to solve more complicated problems. One common integrative learning ac¬ 
tivity is to assign students to work on design projects [7], [8]. Another advantage of project-based 
learning is that it provides opportunities for students to develop their non-technical skills like prob¬ 
lem solving, teamwork, and communication, all of which can be transferred to the workplace [9]. 

The implementation of learning from lectures with integrated lab projects is presented in several 
areas of instruction, such as power electronics [10], biomechatronic engineering [11], robotics for 
mechatronics engineering [12] or electronic instrumentation [13]. 

These educational premises essentially form the basis of our teaching philosophy for this ECG 
lab project. This topic is a well-established area of instruction; however, this work differs in two ways 
from other lab-based courses with ECG measurement. First, our course is not organized in the form 
of a series of well-defined but separable modules (i.e. unlike the ones seen in [5]). Secondly, we have 
not made use of commercially available student lab kits (e.g. [14], [15]). 


DESCRIPTION OF THE COURSE 

This lab project is part of the subject, Signal Conditioning Systems (SCS) which is included in the 
curriculum for the Master’s Degree in Mechatronic and Micro-Mechatronic Systems (EU4M) [16]. It 
is a two-year European Master’s program in which three European universities participate: HSKA 
Karlsruhe (Germany), ENSMM Besangon (France) and UNIOVI (Spain). 

Identical lessons are presented at each institution during the first year of study to provide stu¬ 
dents with the same level of knowledge. The second year must be completed at one of the other two 
institutions. During the first year, course content includes Automation, Mechanics and Materials, and 


WINTER 2015 


3 






ADVANCES IN ENGINEERING EDUCATION 

An ECG Lab Project for Teaching Signal Conditioning Systems in a Master’s 

Degree in Mechatronic Engineering 


Topic 

Description 

Lectures 

(hours) 

Lab 

(hours) 

I. INTRODUCTION 

Introduction to Measurement Systems 

Static and Dynamic Characteristics of a Measurement System 
Calibration 

1 

- 

II. AMPLIFICATION 

Introduction 

Single-Ended vs. Differential Signals 

Basic Op Amp Configurations 

Special Amplifiers 

4 

- 

III. FILTERING 

Introduction 

Basic Filter Types 

Filter Specifications 

Filter Approximations 

Filter Topologies 

2 

- 

IV. CONVERSIONS AND 
LINEARIZATION 

Introduction 

Resistance-to-Voltage Converters 

V-I and I-V Converters 

V-F and F-V Converters 

Linearization 

3 

- 

V. DATA ACQUISITION 

SOFTWARE 

(LabVIEW) 

LabVIEW Environment 

Sub VI 

Data Acquisition 

Structures 

Graphs and Charts 

Arrays and Clusters 

File I/O 

- 

10 

Total hours 


10 

10 


Table 1. Syllabus of the SCS course. 


Electronics. During the second year course content includes Manufacturing, Micro-systems, Mecha¬ 
tronic Systems, Robotics, and Prototyping. 

The course on SCS is scheduled in the second half of the first year within the Electronics mod¬ 
ule. It is a 3 credit course, equivalent to 10 hours of Lectures, 10 hours of Laboratory, 30 hours for 
Individual work and 35 hours of Teamwork. Table 1 summarizes the syllabus of the SCS course. The 
lecture hours are devoted to explaining the theoretical concepts of signal conditioning. The lab 
hours are devoted to explaining the LabVIEW software. During the individual work hours students 
must solve several theoretical exercises proposed/presented during lectures. Finally, students un¬ 
dertake a lab project during teamwork time. The number of students is between 15 and 20 grouped 
in teams of two, and where possible, one of them is a student of Mechanics and the other a student 
of electrical engineering or electronics. 

After completing the SCS course a student should be able to: 

• Understand the nature and characteristics of the signals to be measured. 

• Be able to draw the measurements in the form of a block diagram. 
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• Explain the different approaches for designing a conditioning circuit. 

• Select and design the right filter topology. 

• Understand data acquisition principles and how to use a data acquisition board. 

• Design a LabVIEW Virtual Instrument to monitor signals, and 

• Promote collaborative work. 

OVERVIEW OF LAB PROJECT 

These guidelines are intended to assist the student with regards to the methodology that they 
should follow in the design of any measurement system. Thus, this lab project is organized into 
several activities with objectives, time limits, and assessment outcomes. The lecturers must check 
the satisfactory conclusion of each team activity before they can pass to the next activity. 

The lab project consists of the acquisition, the conditioning and the monitoring of the electrical 
activity of the heart, captured over time by external electrodes attached to the human body. This 
application is selected because it includes many of the syllabus topics on the SCS course. From the 
students’ point of view it is very motivating to obtain practical results with this kind of application. 
Fig. 2 shows the main idea of the proposed lab project. Students must design the signal condition 
circuit and a LabVIEW program to monitor the ECG signal on the computer. The data acquisition 
board is the National Instruments USB-6009. 

Below is an overview of the activities carried out in the LP. A more detailed description of these 
activities and the course topics can be found in [17]. 

Activity 1: To understand the nature and characteristics of the signal to be measured 
Time: 4 hours 

The first step in designing any measurement system is to achieve a full understanding of the signal 
to be measured. Students are encouraged to search for information on the ECG signal in order to 
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learn the most noteworthy features (amplitude, bandwidth) and the most noteworthy problems 
(presence of biological interference, noise from environmental sources) [18]. 

Activity 2: To select the topology of the conditioning circuit 
Time: 4 hours 

Once students are familiar with the nature and characteristics of the ECG signal, the next step is to 
select the topology of the conditioning circuit. Students are encouraged to discuss the advantages 
and disadvantages of each alternative. 

Because the ECG is a differential low level signal and there are common-mode interferences, the 
first stage is an instrumentation amplifier (IA). On the other hand a typical ADC full-scale voltage 
is approximately 2.5 V, which implies a gain factor of 500 (assuming a 5 mV input signal) so in or¬ 
der not to saturate the IA the total gain must be distributed between the IA and an additional gain 
amplifier. A standard clinical ECG application has a bandwidth of 0.05-100 Hz; therefore, a filter is 
required. It could be a band-pass filter or a low-pass filter cascaded to a high-pass filter however. 
Patient safety is an important issue and so galvanic isolation is mandatory. 

Interferences usually manifest as common mode voltage vc across both terminals of the IA. 
Since vc, can be transformed by the amplifier into an interfering differential signal, it is desirable to 
minimize vc by attaching a third electrode to the patient. The most common and effective use of 
the third electrode is to connect it to a driven-right-leg circuit. Due to the fact that students have 
difficulty in understanding the driven-right-leg circuit it could be a good idea to discuss the original 
work relating to this technique in class [19]. 

Activity 3: Design and testing of the signal conditioning circuit 
Time: 10 hours 

During this activity students design and test their conditioning circuit. They are advised to test 
each block separately. The lab is equipped with an oscilloscope, a waveform generator, a power supply 
and a multimeter. The electrodes and active components are provided, however, students must buy 
the passive components according to their specific design. Special care should be taken in the selec¬ 
tion of passive components to achieve good accuracy. Fig. 3 shows one possible result of this task. 

Activity 4: To Design a LabVIEW Virtual Instrument to monitor the ECG signal 
Time: 10 hours 

The output signal of the condition circuit is connected to a computer by means of a commer¬ 
cial data acquisition board, Nl USB-6009. Students must design a LabVIEW Virtual Instrument to 
monitor the ECG signal, calculate the heart rate and activate an alarm when the heart rate falls below 
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60 bpm (bradycardia) or rises above 100 (tachycardia). Using LabVIEW it is possible to acquire and 
monitor the ECG signal in a short time. To explain this software a LabVIEW 6-hour hands-on course 
is used [20]. Fig. 4 shows the results of activity 4. 

Activity 5: Report the lab project 
Time: 4 hours 

The project does not end when everything is up and running. Every decision taken must be logi¬ 
cal and documented so that the work can be understood and valued. Each team has a notebook 
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where team members jot down calculations and decisions taken in the course of the project. The 
notebook must be made available to the lecturer at any time so that he or she can check the prog¬ 
ress of work whenever necessary. 


COURSE ASSESSMENT 


The goal of the assessment process was to assess the effectiveness of the course, identify prob¬ 
lems, and then use this information to modify and improve the course - specifically in the area of 
improving the student learning experience. We needed to continually ask ourselves the following 
questions: “Are we teaching what we think we are teaching?” “Are students learning what they are 
supposed to be learning?” 

With this aim, the final mark (FM) of the course is obtained by: FM=0.1-CA+0.2-DE+0.7-LP, 
where: 
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CA is the mark of the class attendance. 

DE is the mark obtained in the design exercises. 

LP is the mark obtained in the evaluation of the lab project. 
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Class Attendance (CA) 

Students have been assessed on the basis of whether they have participated actively during a 
lecture discussion period and whether they have been able to complete the in-class assignment 
during tutorials. We have found that this assessment component has encouraged students to attend 
classes and stay focused on the learning activities. 

Design Exercises (DE) 

The evaluation of the theory sessions was done with design exercises, one or two on each topic 
that the students solved at home and sent to their instructors using the Moodle platform. These 
exercises require students to design the circuitry including the component values. Students are 
also asked to justify their design considerations and write a brief white paper on their work. These 
exercises have been regarded as a formative assessment since our main goal has been to help 
students fine-tune their circuit design. Table 2 shows an example related to the amplification topic. 

Lab Project (LP) 

In the 2008-2009 course the evaluation of the LP was done beginning with a report of the LP 
that each team gave in to the instructor. This criterion did not reveal in detail the work done and 
if this work had been copied. During the following three courses the criteria of Table 3 were used. 
Criterion D is composed of a series of LabVIEW additional activities of which at least one must be 
chosen. Students are encouraged to address these additional activities with the help of the tutorials 
and examples provided by National Instruments. 

Each team had to present the work in the laboratory and the instructor was able to question 
the teams on their work . The application of the criteria in Table 3 caused a significant improve¬ 
ment in the quality of the work done, but there was still not sufficient information to evaluate the 
competencies which the students should have acquired. In order to try to improve the evaluation of 
the LP it was decided to design a system of evaluation based on rubrics. Thus, from the 2012-2013 


Design the signal conditioning circuit to measure the atmospheric pressure and the relative 
humidity using the sensors of this table. The sensors are connected to an ADC whose input 
range in between 0 V to 2.5 V. The power supply is a battery of 3 V. Find the minimum 

resolution of the ADC. 




Variable 

Range 

Resolution 

Reference 

Pressure 

0-8 psi 

1 psi 

Honeywell 24PC 

Relative Humidity 

0-100 % RH 

2% RH 

Honeywell HIH-3610 


Table 2. Example of the design exercise to evaluate the amplification topic. 
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Criterion 

Description 

Mark 

(%) 

A 

Make a memory in which the decisions adopted and the calculations carried out are justified. 

It is suggested that said memory contain objectives, an introduction, hardware design, 
software design, conclusions, and references. 

20 

B 

Mount on a breadboard the circuit of the ECG signal conditioning and test it using electrodes. 

30 

C 

Create a program in Lab VIEW that permits: 

■ Display of the ECG continuously and stores it in a file for at least 60 s. 

■ Calculation of heart rate. 

■ Activation of an alarm if the heart rate for a number of consecutive cardiac cycles is 
less than 60 beats per minute (bradycardia) or above 100 beats per minute (tachycardia). 

40 

D 

Additional activities using Lab VIEW: 

• Generate a report in Word with patient data. 

• Send the report by email. 

• Control the application from a remote front panel. 

• Use a webcam to communicate with the patient. 

• Design the VI using a state machine. 

• Remove noise using the wavelet transform. 

10 


Table 3. Criteria used for the evaluation of the LP. 


course the rubrics system of Table 4 was used. These rubrics have been carefully designed to as¬ 
sess the main competencies to be enhanced, to promote the application of theoretical concepts 
and to provide the students with an ability to propose solutions to problems and to enhance 
critical reasoning. 




3 

2 

1 

0 

Activity 

The nature and the electrical 

The nature and the 

The nature and the 

The nature and the 

1 

characteristics of the signal 

electrical characteristics 

electrical characteristics of 

electrical characteristics 


are explained clearly. 

of the signal are explained 

the signal are not explained 

of the signal are not 



clearly but are incomplete. 

clearly and are incomplete. 

understood. 

Activity 

The topology of the 

The topology of the 

The topology of the 

The topology of the 

2 

conditioning circuit is 

conditioning circuit is correct 

conditioning circuit is a 

conditioning circuit is 


correct and well justified. 

but not well justified. 

little unclear. 

wrong. 

Activity 

The conditioning circuit is 

The conditioning circuit 

The conditioning circuit 

The conditioning circuit 

3 

designed correctly and the 

is designed correctly 

is designed correctly but 

has design problems. 


tests are successful. 

but sometimes there are 

there are always problems 




problems with the test. 

with the tests. 


Activity 

A full Lab VIEW virtual 

A basic Lab VIEW virtual 

A Lab VIEW virtual 

The Lab VIEW virtual 

4 

instrument is designed 

instrument is designed and 

instrument is designed but 

instrument is not finished. 


and the tests are a success. 

the tests are a success. 

the tests aren't a success. 


Activity 

The report is presented 

The report is presented 

The report is presented 

The report appears sloppy 

5 

in a neat, clear, organized 

in a neat, clear, organized 

in an organized fashion 

and unorganized. It is hard 


fashion that is easy to read. 

fashion that is usually easy 

but may be hard to read 

to know what information 



to read. 

at times. 

goes together. 

Table 4. Rubrics used to assess the activities of the LP. 
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Course 

N 

Mean 

S.D. 

2008-2009 

10 

7.2 

0.79 

2009-2010 

14 

7.3 

0.65 

2010-2011 

12 

7.4 

0.78 

2011-2012 

15 

7.5 

0.70 

2012-2013 

14 

7.8 

0.64 

2013-2014 

17 

8.0 

0.64 


Table 5. Course marks obtained over the last six years. 


Table 5 shows the marks obtained by the students for the six years since the 2008-2009 course. 
Students fail if they get less than 5 marks out of 10. These marks are grouped in four intervals, which 
represent the grade given to the student. As can be seen in Table 5, the marks obtained improved 
as better defined systems of evaluation were introduced. The fact that the students had a greater 
knowledge of the LP having done it in previous years may have had an influence on the marks. Some 
students that do the Master’s Degree work and study at the same time and so they are not able to 
finish the lab project in one year. This may result in their exchanging information with new students 
but, on the other hand, the design exercises are different every year. 


RESULTS 

To understand students’ learning outcomes and experiences within the project-based curricu¬ 
lum, we assessed their perceptions, appraisals, and performance. At the end of the semester, all 
students completed a questionnaire developed by the teaching team. Information to be collected 
included students’ perceived usefulness of the acquisition of specific skills; the problems that stu¬ 
dents encountered; resources that were difficult to access; their experience of working in teams; and 
the benefits of the curriculum. All evaluation items were evaluated on a 6-point Likert scale of 0-5 
indicating degree of agreement. To ensure the validity of the measurement the Cronbach’s alpha 
coefficient was obtained. The reliability of the measurement was reasonably acceptable (a = 0.933). 

As shown in Table 6, students improved their ability to apply knowledge acquired in class (4.43) 
and to more easily develop new projects (4.39). They agreed with the materials and documenta¬ 
tion (4.36). The lab project was perceived to be effective in helping students to combine theory 
and practice and increase their interest in learning (4.30). Many of the students have indicated that 
they have gained a considerable amount of knowledge and hands-on experience in designing a 
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Mean S.D. 

Rate your improvement in your ability to apply knowledge acquired in class 4.43 0.79 

Rate your improvement in your ability to more easily develop new projects 4.39 0.65 

Rate your satisfaction with the materials and documentation 4.36 0.78 

Rate your satisfaction with the work done 4.30 0.70 

Rate the evaluation of this course 4.23 0.64 

Table 6. Student survey scores (N=17). 


simple medical device like the ECG monitor. It also appears that their transferrable skills like problem 
solving and critical thinking have been improved through taking our course (4.23). These positive 
outcomes are consistent with what has been reported in literature reviews on integrative learning 
[21], [22]. The surveys also included the opportunity for students to leave comments, suggestions, 
etc. These comments were of great help. These comments and the solutions adopted are included 
in the Conclusion Section. 

According to the above survey, students generally had a positive attitude toward the curriculum, 
and the results of the survey also reflected high appraisals that supported the effectiveness of the 
LP in this course. However, several problems and difficulties have been encountered: 

1) The main problem detected was the difference in students’ preparation prior to the start of the 
project. In the 2008-2009 and 2009-2010 courses students studied ‘Electronic Instrumentation’ 
in the first semester which meant that students with a mechanical profile could begin the SCS 
subject with knowledge of electronic circuits. In the 2010-2011 course El was eliminated which 
forced the redesign of the SCS program. The most significant changes consisted in using the 
ideal model of the operational amplifier. The subject of filters was also simplified using for its 
design free computer programs like FilterLab or FilterPro. 

2) The second important issue is the need to evaluate the complexity of the LP carefully. A 
complex LP will not improve the level of learning and students may become frustrated. If, on 
the other hand, a very easy task is set it will be easier for the instructor but it will lack the 
necessary ambition that a Master’s project ought to have. The best way to be familiar with 
the problem of the LP is without doubt for the instructor to do the project previously as if he 
were a student noting down the difficulties encountered, the time spent and the components 
necessary etc. It is advisable to have a mounted prototype that can serve as a reference for 
students. The LP must permit the application of knowledge acquired in the theory classes. In 
this regard the measurement of biopotentials is very interesting since it requires significant 
preparation. 
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3) One of the most frequent issues that came up was that the LP was set too late, which forced a 
greater effort from the students at the end of the semester in parallel with other subject assign¬ 
ments. In order to solve this issue the LP was introduced at the beginning of the course and in 
each subject in the theoretical classes those aspects which were related to the LP were explained. 

4) Another problem detected was that the numbers of hours dedicated to explaining the LabVIEW 
program (10 hours) were insufficient. This problem did not have an easy solution within the Mas¬ 
ter’s Degree and for this reason we opted to propose a voluntary seminar outside of class hours. 
This seminar was very successful and has been repeated each year. In this seminar more advanced 
themes of LabVIEW are explained such as state machines, remote panels, communications, etc. 

5) Some students seemed to have difficulty in identifying the error sources for the problems encountered 
during the design process. These students at first thought that circuit design work was like follow¬ 
ing a “cookbook recipe” with well-defined steps. They believed that their ECG device should work if 
they followed the circuit implementation steps, but they failed to realize that the process has many 
degrees of freedom that can affect the circuit’s performance. In this respect two practical questions 
must be taken into account in order to obtain good results: a) the main source of interference is the 
power supply which gives rise to a common-mode voltage and in order to minimize its effect the 
so called right-leg circuit must be explained in detail, b) LabVIEW has a VI that simulates the ECG 
signal. Its use avoids having to connect the electrodes to the body while the program is being done 
in LabVIEW. Finally, the VI that simulates the ECG signal is replaced by the real ECG signal. 

6) Although we allowed students to form groups as they wished, we still observed some conflicts 
as the course progressed. One group had the problem where one student dominated another 
to the point where the submissive student gradually adopted the role of an onlooker. The op¬ 
posite trend was also seen in another group where an inactive student seemed to burden his 
group partner(s) with most of the lab project. Some team formation strategies should thus be 
incorporated into the next offering of this course, such as those discussed in [23]. 

7) The cost of components used in the LP is also an important consideration. Table 7 is an es¬ 
timation of the cost of the components, approximately 50$. Except for the electrodes, the 


Component 

Reference 

Quantity 

Cost ($) 

Instrumentation amplifier 

INA118 

1 

9.23 

Isolation amplifier 

IS0124 

1 

15.91 

Operational amplifiers 

OP07 

1 

4.83 

3-Lead ECG snap set lead wires 

3M 

1 

21.85 


Table 7. Cost of the components used on the LP. 
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rest of the components are in principle reusable. The integrated circuits are supplied to the 
students while the passive components are bought by the students according to their de¬ 
sign. With this measure it is intended that the students make a more responsible use of the 
components. 


CONCLUSIONS 

A laboratory project carried out in the SCS subject within the Master’s Degree in Mechatronics 
is described in this article. Throughout the six years the teaching methodology has been improved 
and difficulties posed by the students resolved. The subject syllabus has also undergone changes 
in content to adapt it to the different curriculum of the students. The assessment of the students 
obtained by means of surveys has always been positive which suggests that the work done has been 
worthwhile. Finally, teachers involved in this experience hope that their know-how, reflections, and 
results could be of use to others who would like to conduct this kind of lab project in the future. 


REFERENCES 

1. D. G. Alciatore and M. B. Histand, “Introduction to Mechatronics and Measurement Systems”, 3rd ed. New York: 
McGraw-Hill, 2005. 

2. J. D. Lang et al., “Industry expectations of new engineers: A survey to assist curriculum designers,” Journal of 
Engineering Education, pp. 43-51, Jan 1999. 

3. R. J. Robinson and J. Wellin, “Introducing Data Acquisition and Experimental Techniques to Mechanical Engineering 
Students in the Freshmen Year,” ASEE Annual Conference Proceedings, 2002. 

4. Meyers, C. and Ernst, E. “Restructuring engineering education” A focus on change, “Division of Undergraduate 
Education Directorate for Education and Human Resources, National Science Foundation, Report on NSF Workshop on 
Engineering Education., 1995. 

5. R.A. Foulds, M. Bergen, and BA Mantilla, “Integrated biomedical engineering education using studio-based learn¬ 
ing”, IEEE Eng. Med. Bio. Mag., vol. 22(4), pp. 92-100, 2003. 

6. M.T. Huber and P Hutchings, “Integrative learning: mapping the terrain”, in The Acacdemy in Transition. Washington, 
DC: Association of American Colleges and Universities, 2004. 

7. J.E. Froyd and M.W. Ohland, “Integrated engineering curricula”, J. Eng. Educ., vol. 94(1), pp. 147-164, 2005. 

8. C.L. Dym, AM Agogino, O Eris, DD Frey, and LJ Leifer, “Engineering design thinking, teaching, and learning”, J. Eng. 
Educ., vol. 94(1), pp. 103-120, 2005. 

9. D. Jonassen, J Strobel, and CB Lee, “Everyday problem solving in engineering: lessons for engineering educators”, 
J. Eng. Educ., vol. 95(2), pp. 1-14, 2006. 

10. D.G. Lamar, P.F. Miaja, M. Arias, Member, A. Rodriguez, M. Rodriguez, A. Vazquez, M.M. Hernando, J. Sebastian, 
“Experiences in the Application of Project-Based Learning in a Switching-Mode Power Supplies Course”, IEEE Trans. 
Educ, vol. 55, no. 1, 2012, pp. 69-77. 


14 


WINTER 2015 





ADVANCES IN ENGINEERING EDUCATION 

An ECG Lab Project for Teaching Signal Conditioning Systems in a Master’s 
Degree in Mechatronic Engineering 



11. T.-T. Pan, P.-L. Fan, H. K. Chiang, “Mechatronic Experiments Course Design: A Myoelectric Controlled Partial-Hand 
Prothesis Project”, IEEE Transactions on Education, vol. 47, no. 3, pp. 348-355. 2004. 

12. W. Lin, H.-P. Yueh, J.-J. Chou, “Electronic Pet Robots for Mechatronics Engineering Education: A Project-Based 
Learning Approach”, International Journal of Engineering Education Vol. 30, No. 1, pp. 231-239, 2014. 

13. F.J. Ferrero, J.C. Campo, J.C. Anton, J.C. Viera, C. Blanco, M. Gonzalez, “An Electronic Instrumentation Design Project 
for Computer Engineering Students”. IEEE Tran. Educ., vol. 48, no. 3, 2005, pp. 472-481. 

14. S. Carmel and A.J. Macy, “Physiological signal processing laboratory for biomedical engineering education”, Proc. 
IEEE Eng. Med. Biol. Conf., pp. 859-863, 2005. 

15. J.P. Giuffrida, “Bridging biomedical basics with practical applications in BME laboratory education”, Proc. IEEE 
Eng. Med. Biol. Conf., pp. 5180-5183, 2004. 

16. http://mechatronic-master.com/ 

17. http://eu4mscs.wordpress.com/ 

18. J.G. Webster. Ed., “Medical Instrumentation: Application and Design”, Chapter 6, John Wiley & Sons, 1997. 

19. B.B. Winter, J.G. Webster, “Driven-Right-Leg Circuit Design”. IEEE Transactions Biomedical Engineering, vol. BME- 
30, no. 1, pp. 62-66,1983. 

20. “Introduction to LabVIEW. Six-hour course”. National Instruments. 2003. 

21. J.E. Froyd and M.W. Ohland, “Integrated engineering curricula”, J. Eng. Educ., vol. 94(1), pp. 147-164, 2005. 

22. C.L. Dym, A.M. Agogino, O. Eris, D.D. Frey, and L.J. Leifer, “Engineering design thinking, teaching, and learning”, 
J. Eng. Educ., vol. 94(1), pp. 103-120, 2005. 

23. G.E. Okudan and S. Mohammed, “Facilitating design learning in a cooperative environment: findings on team 
functioning”, Int. J. Engng. Ed., vol. 22, pp. 496-502, 2006. 


AUTHORS 



Francisco Javier Ferrero Martin was born in Oviedo, Spain in 1961. He 
received the MSc degree in electrical engineering from the University of 
Oviedo in 1988 and the Ph.D. in 1998. In 1990, he joined the Department of 
Electrical and Electronic Engineering, University of Oviedo, where he is cur¬ 
rently an Associate Professor. His current research interests include industrial 
measurement systems, fiber optic sensors, biosensors, biological monitoring, 
virtual instrumentation and digital signal processing. 



Alberto Lopez Martinez was born in Gijon, Spain in 1987. He received the 
MSc degree in communications engineering from the University of Oviedo 
in 2011, where since then, he has been working toward the Ph.D. degree at 
the Department of Electrical and Electronic Engineering. His main research 
interests include biosignal measurement systems, virtual instrumentation 
and biomedical signal processing. 


WINTER 2015 


15 








ADVANCES IN ENGINEERING EDUCATION 

An ECG Lab Project for Teaching Signal Conditioning Systems in a Master’s 

Degree in Mechatronic Engineering 



Marta Valledor Llopis received her MSc degree in Naval Radioelectron¬ 
ics from the University of Cadiz in 1992 and the Ph.D. from the University 
of Oviedo in 2006. She currently works as an associate professor at the 
Electrical and Electronics Engineering Department of the University of 
Oviedo. Her research interests include instrumental design, environmental 
monitoring and optical biosensors. 



Juan Carlos Campo Rodriguez was born in Gijon, Spain in 1970. He 
received the M.Sc. degree in electrical engineering from the University 
of Oviedo in 1995. In 1995, he joined the Department of Electrical an 
Electronic Engineering, University of Oviedo, where he is currently an 
Assistant Professor and he is working towards the Ph.D. degree. His 
current research interests include industrial measurement systems, fiber 
optic sensors, biosensors, biological monitoring, virtual instrumentation 
and digital signal processing. 



Cecilio Blanco Viejo received the M.Sc. and Ph.D. degrees in electrical 
engineering from the University of Oviedo, Gijon, Spain, in 1989 and 1996, 
respectively. Since 1989, he has been with the Department of Electrical 
and Electronic Engineering, University of Oviedo, where he is currently 
an Associate Professor and the Head of the Instrumentation and Energy 
Storage Systems Group. His research interests include electronic instru¬ 
mentation systems and battery characterization and modeling. 


Yuri A. Vershinin joined Coventry University, as Senior Lecturer in late 
2000 after his research at Aston University, following on from his indus¬ 
trial career. His industrial work experience included digital and analog 
systems design, design and implementation of electronic systems for 
automation and control, and microprocessor control systems. His recent 
research has been carried out in the area of adaptive control systems, 
identification, decentralized control, Kalman filtering and optimal con¬ 
trol. He has worked in machine vision, image processing and computer 
graphics. At Coventry University he has formed the Intelligent Transport 
Systems and Telematics (ITS&T) Applied Research Group in order to work on practical tasks related 
to ITS and advanced automotive systems. 



16 


WINTER 2015 







